It is well known that pioglitazone, a potent thiazolidinedione, improves metabolic control. However, weight gain or peripheral edema may be of major clinical concern when using this agent. The purpose of our study was to prospectively evaluate the effects of low-dose pioglitazone (7.5 mg/day) on metabolic control, weight gain and the incidence of edema compared with a standard dose of pioglitazone (15.0 mg/day) in patients with type 2 diabetes mellitus (T2DM). Ninety-five Japanese female patients (mean age 58.4 ± 10.4 years) with newly diagnosed T2DM were selected for this study. They were randomly divided into the following 2 groups according to therapy regimens, and examined every month for 6 months after diagnosis. Group A consisted of 54 patients treated with low-dose pioglitazone orally; Group B, the control-group, consisted of 41 patients treated with standard-dose pioglitazone orally. The incidence of peripheral edema was significantly much lower in group A (2/54) than in group B (11/41) (p = 0.0014). In addition, % change of body weight during the 6-month treatment in group A was significantly less than that in group B (p<0.0001). On the other hand, the % change of biochemical parameters including HbA1c did not differ significantly between group A and group B, although glucose and lipid control significantly improved from baseline in both groups. Our results demonstrate the safety and efficacy of low-dose pioglitazone, suggesting that it could be another good choice of treatment for Japanese women with T2DM.
IT is well known that pioglitazone, a member of the thiazolidinedione (TZD) class, improves glycemic control, reduces hyperinsulinemia and improves lipid metabolism, mainly by activating peroxisome proliferatoractivated receptor-γ (PPAR-γ) [1] [2] [3] [4] [5] .
Moreover, because the antiatherogenic effects of TZDs are likely to be mediated through their direct action on the vasculature, pioglitazone may confer benefits beyond decreases in glucose level [1] [2] [3] [4] [5] [6] [7] . However, certain clinical concerns make clinicians hesitant to use it in Japan. One of such concerns is liver toxicity, since troglitazone, the first agent in this class to become available for clinical use in Japan, was withdrawn due to reports of severe hepatic injury [2] [3] [4] [5] . However, we should not be overly concerned about the hepatotoxicity of pioglitazone, provided that liver function tests are performed at baseline and periodically thereafter [2] [3] [4] [5] [6] . Indeed, there have been a few reports of hepatotoxicity potentially caused by pioglitazone [4, 8] . In these reports, however, the agent was never proved to be the cause of the hepatotoxicity, and the condition was resolved with supportive care and withdrawal of the putative agent [4, 8] .
On the other hand, fluid retention, weight gain, or peripheral edema may be of major clinical concern, because these are the most frequent adverse events associated with pioglitazone [2] [3] [4] [5] [6] 9] , occurring more often in women than in men [6] . The incidence of edema is reported to be about 5-10%, although the incidence rises to 13-16% when combined with insulin therapy [4, 6, [9] [10] [11] [12] [13] [14] [15] . Fluid retention is also reported to account for a 6%-7% increase in plasma volume [4, 9] ; thus pioglitazone is contraindicated in patients with severe congestive heart failure (CHF), defined as New York Heart Association (NYHA) functional class III and IV [2] [3] [4] [5] 9] . Weight gain partly due to fluid retention is reported to be significant and dose-dependent (ranging 0.5-4.5 kg) [4, 10, 14, 15] . These frequent and undesirable effects of pioglitazone, even if not fatal, may lead to the breakdown of the doctor-patient relationship and consequently discontinuation of treatment of type 2 diabetes mellitus (T2DM) itself. In order to reduce these adverse effects of pioglitazone, we tried a lower dosage on patients with T2DM.
The aim of our study was to prospectively evaluate the effects of low-dose pioglitazone (7.5 mg/day) on glucose and lipid metabolism, weight gain and the incidence of edema compared with a standard-dose of pioglitazone (15.0 mg/day) in Japanese women with T2DM.
Materials and Methods

Subjects
Ninety-five Japanese female patients (mean age 58.4 ± 10.4 years) with newly diagnosed T2DM who initially attended the clinic of Rakuwakai Otowa Hospital during the period between November 2003 and October 2004, were selected for this study. The diagnosis of T2DM was established on the basis of abnormal glucose tolerance test results, classic symptoms, and laboratory findings. The patients were randomly divided into the following 2 groups according to therapy regimen, and examined every month for 6 months after diagnosis. Group A consisted of 54 patients treated with low-dose pioglitazone (7.5 mg/ day) orally; Group B, the control-group, consisted of 41 patients treated with standard-dose pioglitazone (15.0 mg/day) orally. Their clinical data are shown in Table 1 .
All subjects were instructed to adhere to a diseaseand weight-oriented diet and exercise regimen throughout the study. Dietary and exercise advice was given at baseline and every month after the diagnosis during the 6-month treatment, with the target of body weight normalization and supply of individually appropriate calories and nutrients. All subjects were examined by the doctor as to their general health, body weight, systolic and diastolic blood pressure (SBP and DBP), symptoms and signs suggestive of adverse reactions, and compliance with the medication, dietary therapy, and exercise therapy, at baseline and every month after the diagnosis during the 6-month treatment. BP was measured with the patient in sitting position after at least 5 minutes of rest. We excluded subjects who had a history of glucoselowering pharmacotherapy or corticosteroids, and specific contraindications to pioglitazone including increased serum levels of liver enzyme (aspartate aminotransferase [AST] or alanine aminotransferase [ALT] >2.5 times the upper limit of normal) and CHF defined as NYHA class III or IV. At study entry, antihypertensive agents except β-blockers and thiazides, and lipid-lowering agents, if administered for more than 3 months, were also allowed, provided that the dose was not changed during this study. None of the subjects was a heavy smoker or alcoholic.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethical Committee of Rakuwakai Otowa Hospital. All the subjects gave their informed consent before they were enrolled.
Biochemical measurements
All subjects underwent laboratory blood tests at baseline, and every month after the diagnosis during the 6-month study period. Serum samples were obtained before 8:00 AM after an overnight fast, and were immediately processed and kept frozen at -20°C until the assays were carried out. Serum AST, ALT, fasting plasma glucose (FPG), total cholesterol (TC), triglycerides (TG), and high density lipoprotein cholesterol (HDL) were measured using routine laboratory methods. Low density lipoprotein cholesterol (LDL) was calculated by Friedewald equation (LDL = TC -[HDL + TG/5]). HbA1c was measured by the latex agglutination method (Fujirebio, Inc., Tokyo, Japan). Plasma insulin concentration (immunoreactive insulin [IRI]) was measured by enzyme immunoassay using a commercially available kit (Tosoh, Tokyo, Japan). The insulin resistance index was assessed by the homeostasis model assessment for insulin resistance (HOMA-IR).
Statistical analysis
Data were analyzed by the Student's unpaired t-test and paired t-test to assess intergroup differences and the longitudinal differences in each group, respectively, and by χ 2 -test to assess intergroup differences of incidence. Statistics were calculated with Stat View version 5.0 (Abacus Concepts, Inc., Berkeley, CA). A P value <0.05 was considered as statistically significant. Table 1 shows the baseline characteristics of patients in group A and group B. There was no significant difference between the two groups in terms of age, height, weight, body mass index (BMI), SBP, DBP, and biochemical parameters including TC, TG, HDL, FPG, HbA1c, and IRI at baseline.
Results
Mild peripheral edema occurred in 2 patients in group A and 11 patients in group B during this study. Among them 1 patient in group A and 10 in group B dropped out of the study. However, in these 13 patients, ultrasonography did not show any abnormalities, and peripheral edema was resolved spontaneously with cessation of pioglitazone. The incidence of peripheral edema was significantly much lower in group A than in group B (p = 0.0014).
Body weight increased, but not significantly, from baseline during the treatment period in both groups ( Table 1 , Fig. 1 ). However, % change of body weight in group A was significantly less than that in group B (p<0.0001) (Fig. 2) .
Both SBP and DBP were lower than at baseline, but not significantly so, after treatment ( Table 1 ). The % change of BP was also not different between group A and group B.
FPG, HbA1c, IRI, and HOMA-IR significantly improved from baseline during 6-month treatment in both groups (Table 1, Fig. 1 ). The % change of these parameters did not differ significantly between group A and group B (Fig. 2) .
While TC and LDL hardly improved, TG and HDL significantly improved from baseline during 6-month treatment in both groups (Table 1, Fig. 1 ). The % change of these parameters did not differ significantly between group A and group B (Fig. 2) .
Discussion
In the present study of low-dose pioglitazone in Japanese women with T2DM, we found that low-dose pioglitazone (7.5 mg/day) had a comparable benefit on glucose and lipid metabolism, compared with standarddose pioglitazone (15 mg/day). On the other hand, we also found that its deleterious effects, including weight gain and peripheral edema, were significantly more modest in low-dose pioglitazone. These results suggest that, considering its efficacy, safety, and costeffectiveness, low-dose pioglitazone may be preferred for treating Japanese women with T2DM compared with the standard-dose.
Previous studies in rats revealed that pioglitazone dose-dependently reduced hyperglycemia, hyperlipidemia, and hyperinsulinemia [16] . Since then, it has been clinically described that the effects of pioglitazone on glycemic control are dose-dependent [3, 4, 10, 14] . We do not deny these dose-dependent effects of pioglitazone, because responsiveness to pioglitazone was found to be relatively better in the 15-mg group than in the 7.5-mg group in our study, although not significantly so.
Recently, Aronoff et al. [10] evaluated the efficacy and safety of four doses of pioglitazone monotherapy in the treatment of patients with T2DM in a large-scale multicenter trial. While their results showed a dosedependent beneficial effect of pioglitazone on glycemic control in T2DM, its effect on glycemic control was comparable between the 15-mg group and the 30-mg group. The baseline characteristics in their study were somewhat different from those in ours. While all the patients in our study are Japanese and female, and had never received pharmacological antidiabetic therapy, those in their study were racially-mixed, included both men and women, and only 31% of them were naive to prior antidiabetic therapy. Another difference is that the baseline HbA1c and FPG were relatively higher in their study (>10.0% and >260 mg/dL, respectively) than in our study. It has been suggested in the literature that the magnitude of the response to pioglitazone should be greater in those naive to prior antidiabetic therapy and in those with better metabolic control [4, 5] , as Aronoff et al. stated in their report [10] . Therefore, the response to low dose pioglitazone may have been greater in our study due to earlier diagnosis or better metabolic control at the onset.
More recently, Miyazaki et al. [14] also investigated the dose-response effects of pioglitazone on glycemic control in patients with T2DM. While the dosedependent beneficial effects of pioglitazone on glycemic control were shown also in their study, the improve- ment of FPG in the 7.5-mg group was superior to that in the 15-mg group. Furthermore, considering that the baseline HbA1c in their study had been substantially higher in the 7.5-mg group than in the 15-mg group, it can be said that the 15-mg group had a potential advantage over the 7.5-mg group in responding to pioglitazone and, therefore, that the improvement of HbA1c was comparable between the 7.5-and 15-mg group in their study. Thus, their results are supportive of ours which showed comparable effects on glycemic control between the 7.5-mg group and the 15-mg group.
In the Japanese literature, there have been several studies showing that the effect of 15-mg pioglitazone administered every other day on glycemic control is comparable with that of 15-mg pioglitazone everyday in patients with T2DM [17] [18] [19] . Another study described that reducing dose of pioglitazone from 15 mg/ day to 7.5 mg/day did not alter metabolic control in Japanese patients with T2DM (3 men and 8 women) [20] . These findings are compatible with our results, indicating that 7.5-mg pioglitazone is potentially useful in improving glycemic control.
It has been proposed that TZDs including pioglitazone may correct other metabolic abnormalities, such as dyslipidemia and arterial hypertension [1-6, 10, 14, 15, 21-24] , as found also in our study. In a study examining Japanese patients with T2DM, a statistically significant increase of HDL from the baseline was found with 7.5-mg pioglitazone [25] , consistent with our results. These beneficial effects of pioglitazone are considered to be mainly attributed to the improvement of insulin resistance [1] [2] [3] [4] [5] [6] . In the study by Miyazaki et al. [13] reduction in IRI was comparable among the subgroups treated with different doses of pioglitazone, and 7.5-mg pioglitazone substantially decreased IRI (means ± SEM) from 25 ± 5 µU/mL to 20 ± 3 µU/mL during the 26-week treatment period. Their findings were consistent with ours, suggesting the beneficial effects of 7.5-mg pioglitazone.
The severity of weight gain and peripheral edema due to pioglitazone has also been reported to be dosedependent [4, 10, 14] , as seen in our study. A considerably high percentage (26.8%) of our patients treated with 15-mg pioglitazone did experience edema, although mild, and they refused to take pioglitazone any longer even if its dose was reduced. However, weight gain and edema were almost negligible in our patients treated with 7.5-mg pioglitazone, suggesting the safety of 7.5-mg pioglitazone. Additionally, consistent with previous reports [2-6, 10, 14, 15] , there were no cases of drug-induced hepatotoxicity or hypoglycemia in either group in our study, while hypoglycemia is a common adverse event in other glucose-lowering agents [26] .
In conclusion, we showed that 7.5-mg pioglitazone significantly improved glucose and lipid metabolism, and, in addition, it was well tolerated in this study. Our results demonstrate the safety and efficacy of 7.5-mg pioglitazone per day, suggesting that low-dose pioglitazone (7.5 mg/day) could be another good choice of treatment for Japanese women with T2DM.
